Background: Studies have shown that a low serum uric acid (SUA) level associates with Parkinson's disease (PD), but many of them did not exclude patients with impaired renal function. Studies on the association between serum bilirubin level and PD also are limited. This study determined the association between SUA level, SUA/serum creatinine (SCr) ratio and serum bilirubin levels in PD patients with normal renal and liver functions.
Introduction
Parkinson's disease (PD) is a common neurodegenerative disease caused by progressive loss of dopaminergic neurons in the substantia nigra, together with the presence of lewy bodies [1, 2] . The cardinal clinical features of PD consist of both motor and non-motor features. The motor symptoms include bradykinesia, body rigidity, gait instability and resting tremor [1] , whereas non-motor symptoms include sensory symptom of pain, autonomic nervous system and psychiatric dysfunction [3] . The pathogenesis of PD remains unclear, but the accumulation of oxidative oxygen species and other free radicals, or diminished anti-oxidant substance in brain tissues has been suggested [4, 5] .
Both serum uric acid (SUA) and serum bilirubin have been well recognized as natural bodily anti-oxidants in humans [6, 7] . Many controlled studies and a recent meta-analysis have shown that low SUA level was associated with PD [8] [9] [10] [11] [12] [13] [14] [15] . Two large prospective studies also found that individuals with a higher SUA level were associated with reduced risk of PD development [16, 17] and slower decline rate of neurological function [10, 18] . Postmortem studies also showed that the uric acid level in the brain tissue of PD patients, particularly at the cortex, striatal and substantia nigra, was significantly lower than that in the controls [19, 20] . These findings support the hypothesis that uric acid is associated with PD development, as its decrease in the brain reflects the lack of antioxidant substance in human brain tissue. In contrast to SUA, studies on the association between serum bilirubin, another anti-oxidant and PD are limited and have shown conflicting results [15, [21] [22] [23] . Serum creatinine (SCr) also is used commonly as an indicator for renal impairment [24] . SUA level in patients with renal impairment is high due to reduced renal clearance of uric acid. Moreover, SCr is affected by body mass, which makes it slightly higher in males than females. The SUA/SCr ratio, or renal-function that normalizes SUA, has been developed and used to reduce interference on SUA from sex and renal function.
It was interesting that many studies on the association between SUA level and PD did not provide information on renal function [8, 12, 13, 25, 26] . Even when renal function was reported or mentioned, cases with significantly impaired renal function were not excluded [9, 10, 15, 27] . The same was true for the study on association between serum bilirubin level and PD [15, 22] , where patients with significant liver impairment were not mentioned or excluded, except for one [23] .
The objective of this study was to determine the SUA level, SUA/SCr ratio and serum bilirubin level (total bilirubin (TB), direct bilirubin (DB) and indirect bilirubin (IDB)) in elderly Thai PD patients with normal renal and liver functions in comparison with their controls, and also determine their association with clinical parameters of PD.
Materials and Methods

Data source and population
This study was performed at the Neurological Clinic, Chiang Mai University Hospital between September 2015 and December 2016. All of the PD patients were 60 years of age or older, and taken care of by neurologists at this institution. Controls were aged over 60 years and without neurological problems, history of any neurological disease or family PD history. They also were members of a club for the elderly in the local community. The ratio of cases/controls was 1:2. All of the PD patients and controls were of Thai ethnicity and from the northern part of Thailand.
Inclusion and exclusion criteria, data collection and clinical measurement
The diagnosis of PD followed the criteria developed by the UK Parkinson's Disease Society Brain Bank [28] . Patients with secondary PD, including drug-induced, familial and vascular PD, as well as PD with dementia and inability to communicate were excluded.
The clinical features of the PD patients were classified into five subgroups according to Hoehn-Yahr (H&Y) staging [29] . Severity levels were classified based on H&Y stage into mild, moderate and severe PD with H&Y stage of I and II, III, and IV and V, respectively [30] . The motor and non-motor symptoms were assessed using the unified Parkinson's disease rating scale (UPDRS) [31] . The motor system was classified further into tremor dominant (TD) and postural instability/ gait difficulty (PIGD), according to the motor symptom subtypes described by Stebbins et al [32] . All of the PD patients were asked to stop any medication that might influence motor function (such as L-dopa, anti-kinetic drugs, anti-cholinergic drugs, beta-blockers and benzodiazepines) for a minimum of 6 h before the physical examination.
Demographic data, including age, sex, body mass index (BMI), medication history, current medication as well as physical examination, were collected and examined by two investigators (CS and CW). Participants with prior or current significantly impaired liver (serum albumin less than 30.00 g/L, serum aspartate aminotransferase (AST) and serum alanine aminotransferase (ALT) more than two times above normal limits, and serum TB of more than 20.00 µmol/L) and renal functions (SCr ≥ 132.60 µmol/L), history or presence of benign or malignant tumors, history of gouty arthritis and current use of drugs that interfere with SUA such as allopurinol, uricosuric agents, diuretics, anti-tuberculosis, aspirin at over 325 mg/day, etc., were excluded.
On the day of the physical examination, blood samples, including complete blood count, blood urea nitrogen, SUA, SCr and liver function were collected and kept at -20 °C, and analyzed simultaneously. The estimated glomerular filtration rate (eGFR) was calculated further from SCr, using the CockcroftGault formula [33] . Patients who had an eGFR of < 60 mL/min were considered to have significant renal insufficiency [34] , and were excluded from the analysis.
Ethical approval
This study was performed in accordance with the ethical standards of the institutional and/or national research committee and the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. It also was approved by the Ethic Committee of the Faculty of Medicine, Chiang Mai University.
Statistical analysis
STATA 13.0 computer software (Stata Corporation, Texas, USA) was used for data processing and statistical analysis. Continuous variables were presented as mean ± standard deviation (SD), with categorical variables presented as percent. Non-normal distribution of continuous variables was presented as geometric mean (GM) with 95% confidence interval (95% CI). The Student's t-test and Wilcoxon rank sum test were used to determine the differences between the two independent samples of continuous variables, with normal and non-normal distribution, respectively. The Chi-square test or Fisher's exact test was used to determine the differences among the categorical variables, where appropriate. Correlation and linear regression analysis were determined by Pearson's correlation and the F-test, respectively. Analysis of variance (ANOVA) and the Kruskal-Wallis equality-ofpopulations rank test were used to determine differences of more than two samples. Analysis of covariance (ANCOVA) was used to control the effect of extraneous variables. The Fisher's least significant difference (LSD) test was used for 
Results
Demographic and laboratory findings between PD patients and controls
A total of 224 participants (73 PD and 151 controls) were enrolled initially into this study. However, 28 cases (12 PD and 16 controls) were excluded (missing laboratory results in one, and eGFR < 60 mL/min in 27); therefore, only 196 participants (61 PD patients and 135 controls) were included for the analysis.
Demographic data and laboratory findings of the PD patients and controls are shown in Table 1 . Overall, the age of the PD patients was slightly but significantly higher than that of the controls. The PD patients had a significantly higher proportion with co-morbidities, including diabetes mellitus, hypertension and dyslipidemia, than the controls.
There was no significant difference in SUA level between the PD patients and controls. However, the SUA/SCr ratio was significantly lower in PD patients than in the controls (4.12 ± 0.90 vs. 4.59 ± 1.04, P = 0.003). A significantly lower SUA/ 
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SCr ratio was observed also in the female PD subgroup (4.08 ± 0.98 vs. 4.70 ± 1.02, P = 0.009). Male PD patients tended to have a lower SUA/SCr ratio than the controls, but this did not reach statistical significance (4.15 ± 0.85 vs. 4.48 ± 1.06, P = 0.113).
The PD patients had significantly higher serum TB and IDB levels than the controls (7.92 ± 3.67 µmol/L vs. 6.59 ± 2.78 µmol/L, P = 0.003 and 4.52 ± 2.48 µmol/L vs. 3.26 ± 1.82 µmol/L, P < 0.001, respectively). Serum TB level also was significantly higher in the female PD subgroup (7.61 ± 3.42 µmol/L vs. 5.88 ± 2.20 µmol/L, P = 0.026), but not in the male one. Significantly higher serum IDB also was observed in both the female and male PD subgroups than in their controls (4.44 ± 2.19 µmol/L vs. 2.91 ± 1.46 µmol/L, P = 0.001 and 4.59 ± 2.72 µmol/L vs. 3.61 ± 2.07 µmol/L, P = 0.011, respectively). Serum ALT was slightly, but significantly, lower in the PD patients than in the controls (P = 0.039).
Association between SUA, SUA/SCr ratio and serum bilirubin level according to the clinical characteristics of PD
The association between SUA level, SUA/SCr ratio, serum TB and IDB levels, according to the clinical characteristics of PD patients is shown in Table 2 and Figure 1 . TB and IDB levels were transformed into geometric mean with 95% CI, because they did not show normal distribution. The analysis also was controlled by the age and co-morbidities as these two variables were significantly different between the PD patients and controls. There was no significant difference in mean SUA level or the SUA/SCr ratio in PD disease severity, disease duration (early disease determined by duration of less than 2 years) or motor symptom subtypes among the PD patients. However, there was a significant difference in serum TB and IDB levels among PD disease severity (P = 0.010 and P = 0.014, respectively). Further analysis showed that when PD patients with mild and moderate PD disease severity were compared to those with severe disease activity, the latter had a significantly lower TB (GM (95% CI) 5.56 Serum levels of TB and IDB in relation to PD disease severity in PD patients also were compared with the controls (Table 3 ). When compared with PD patients with mild and moderate disease activity, the controls significantly had lower TB level (GM (95% CI) 6.07 (5.67 -6.51) µmol/L vs. 7.65 (6.71 -8.72) µmol/L and 8.72 (6.89 -11.04) µmol/L, P = 0.025 and 0.018, respectively) and IDB level (GM (95% CI) 2.78 (2.50 -3.09) µmol/L vs. 4.28 (3.68 -4.97) µmol/L and 4.93 (3.79 -6.42) µmol/L, P = 0.001 and 0.004, respectively). There was no significant difference in TB and IDB levels between the controls and PD patients with severe PD disease. No significant correlations between SUA level, SUA/SCr ratio or TB and IDB levels were identified (Table 4) .
Discussion
Key findings
This study found that the level of the SUA/SCr ratio, but not SUA itself, was significantly lower in elderly Thai PD patients with normal renal function. This observation also was seen in Data are expressed as mean ± SD. SUA: serum uric acid; SUA/SCr: serum uric acid/serum creatinine.
Songsomboon et al J Clin Med Res. 2020;12(3):172-179 the subgroup of female PD patients. However, there was no association between levels of SUA or the SUA/SCr ratio and PD severity based on H&Y stage, PD disease duration or PD motor symptom subtypes. It is interesting that this study found the serum level of TB and IDB was significantly higher in PD patients than in their controls. The level of TB and IDB was significantly lower in PD patients with severe disease activity than in those with mild and moderate disease activity. No association between TB or IDB and PD disease duration or motor subtypes was identified.
SUA, SUA/SCr ratio and PD
This study could not confirm a significantly lower SUA level in PD patients than in the controls, as shown in many previous studies [8-13, 16, 17, 27] . This study was in line with two recent studies, which used Mendelian randomization, and found no association between SUA and the risk of PD development [35, 36] . However, this study found that PD patients had a significantly lower SUA/SCr ratio than the controls. This effect was observed also in the female PD patient subgroup. The male PD patient subgroup also had a lower SUA/SCr ratio than the controls, but it did not reach statistical significance. The reason for this was not clear, but it possibly related to the small number of patients studied. The significantly lower SUA/SCr ratio in PD patients than in the controls, as observed in this study, was similar to that previously reported in Thai and Chinese populations by Lolekha et al and Zhong et al, respectively [26, 27] . In addition, the SUA/SCr ratio in both studies not only showed that PD patients had a significantly greater SUA difference than the controls, but also a significantly negative association with PD staging, determined by the H&Y scale. Unfortunately, this study could not confirm the significantly negative association between the SUA/SCr ratio and PD staging, which might be due to the small number of patients in the moderate and severe PD subgroups.
Serum bilirubin and PD
Bilirubin is the end product of hemoglobin catabolism, and has been shown to have anti-oxidant activity in human brain tissue [37, 38] . In a review of the literature, only a few studies have focused on the association between serum bilirubin and PD, and they showed conflicting results [15, [21] [22] [23] . A retrospective study by Scigliano et al [21] , involving 162 PD patients treated with L-dopa, 93 untreated PD patients and 224 non-PD controls (other neurological conditions), found that the mean serum TB was significantly higher among the treated PD group than in the untreated PD and control groups, but not between the untreated PD and control groups. The authors concluded that the reason for the high TB levels in L-dopa treated PD patients was not clear. A cross-sectional study by Moccia et al [22] found that the serum TB level was significantly higher in 75 newly diagnosed, drug-naive PD patients than in 75 controls (occupational hospital schedule visits). This difference also was seen in male and female subgroups. The negative relationships between TB level and UPDRS part III and the daily dosage of L-dopa treatment were found during the 2-year follow-up. Macias-Garcia et al [23] recently performed a cross-sectional study determining serum TB level in their 420 PD patients and 434 healthy controls, and found that the serum TB level in the PD patients was significantly higher than that in the controls, and the serum TB level showed a mild but significantly negative correlation with the PD disease duration. In contrast to the above studies, a large cross-sectional study by Qin et al [15] , involving 425 PD patients and 460 controls, found no significant difference in serum TB levels between the PD patients and controls. The patients with PD had significantly higher serum DB, but lower IDB level, than the controls. A significantly high DB level also was observed in the female and male PD groups, but a lower IDB level was seen only in the male subgroup. The high DB and low IDB levels also were observed in early PD patients (duration < 2 years). However, there was no correlation between serum IDB and SUA in the PD patients. Both TB and IDB levels in this study were significantly higher in PD patients than in the controls, and the levels in PD patients with mild and moderate disease severity were higher than those with severe disease severity, and the controls. The higher serum TB level in the PD patients was similar to that reported by Scigliano et al [21] , Moccia et al [22] and MaciasGarcia et al [23] . The negative association of TB with PD stage seen in this study was in line with that of Moccia et al [22] , who found that the TB levels showed negative association with UPDSR part III during their 2-year follow-up, which might indicate the progression of PD disease. Thus, the increased serum TB and IDB levels in mild and moderate PD disease severity, which was found to be higher than those in severe PD severity in this study, supported the postulation proposed by the aforementioned authors, in that the increase in serum TB level at the early stage of PD might be related to increase in compensation of the bodily anti-oxidant system. When the disease progressed with longer disease duration, the compensation mechanisms failed, leading to declining serum TB [21] [22] [23] . However, the significant increase in serum IDB level in PD patients in this study was in contrast to that of Qin et al [15] in which the reason was difficult to explain. Therefore, the role of serum bilirubin in association with PD needs further investigation.
Limitations and strength
The small number of patients might affect statistical analysis in this study; however, the number was not too small when compared with that in many previous reports [8, 9, 22] . Even the age of the PD patients was significantly higher than that of the controls, and the mean age difference of 2 years should not have had much effect on SUA or serum bilirubin levels. In addition, the PD patients had significantly higher co-morbidities (hypertension, diabetes mellitus and dyslipidemia) than the controls, but these co-morbidities per se do not affect the SUA level. Many previous reports on SUA level and PD used controls that were healthy individuals or healthy relatives of the patients, who had no neurological symptoms [8] [9] [10] [11] [12] [13] , which was similar to this study. However, factors of the participants' Uric Acid and Bilirubin in Parkinson's Disease J Clin Med Res. 2020;12(3):172-179 lifestyle, particularly dietary intake and alcohol consumption, which could alter SUA levels, were not included in the analysis. Lastly, the possible association between treatment (L-dopa equivalent dose) and TB, as previously suggested, was not determined [21, 22] , due to treatment for the PD patients studied not being recorded. Despite several limitations, this study had some strengths. It included only elderly PD patients and excluded those with vascular, familial and drug-induced PD, as well as PD with dementia, in order to ensure uniformed characteristics of the PD patients. Cases with a history of significantly abnormal renal and liver function were excluded prior to the study, and those with such abnormalities identified at entry to the study were excluded, in order to ensure that their condition did not affect SUA or serum bilirubin levels. Serum samples were kept at -20 °C, with all of them analyzed simultaneously. This avoided laboratory variation of each measurement. Lastly, the analysis was controlled by age and co-morbidities, which could be another strength.
Conclusions
This study found that the SUA/SCr ratio seems to be more sensitive than the SUA level as a biomarker for studying the association between SUA level and PD, even with a small number of patients. The high serum TB and IDB levels in PD patients when compared with controls, and the negative association between TB and IDB levels and PD severity, suggest the possible role of serum bilirubin in the pathogenesis of PD. However, the lack of association between SUA or SUA/SCr ratio and serum TB or IDB suggests that these two biomarkers play a different role in the etiopathogenesis of PD. The linkage between SUA/SCr ratio and TB/IDB needs to be further investigated in the future.
